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t AnSTHACT 

SNAP -8 Id a 55 kvv ntude nr electric ppucc power bvb- ■ 
.tom. Tint eyoiom eporalcD on a mercurv RanKlm* ovck 
using $aV (outoctlc Godlum-potansluir. mixture) ns the 
hent-lnput and ho nt -rejection working fluids. The test 
"program hna evolved from nn Wili.nl component, teal phase 
to testing of complote breadboard systems. Extensive 
footing has provided-information on the relationships 
between components and the system Data are presented 
ohov.tng Ihp perWrbUUarvd, and thelv ybntcquoncoB, ta- 
' horcnl’in a dynamic oystem. Cause end effect relative 
to boiling fnstnbiHty, system contamination, Inventory 
control,, testing mlehupa, and Iranolent operation are ’ 
prpschtcd as observed during tho lest program. The 
breadboard approach to system testing and design hna 
proven appropriate. A cleSo simulation to fllght- 
- configuration tenting hoe V ccn Accowipflrdwd while main- 
taining the 'don ten flexibility of a breadboard oystetn. 


± r . INTRODUCTION 

SNAP -3 lo a 35 kwr nuclo&r-ofcc trie power conversion 
oyotom for use In space. Thd system oporatos on a.' . 
RMikino cyclo and u.Gea four loops and threo fluids. The 
vyelorn’ls shown schematically In Figure l.' Tim energy ■ 
source 1 b a nuclear reaotor cooled by a pumpnlrivcn 
oodjum-potpsitfum (NoK) loop. . 

Thopthcr cvnvorsjon system ueoMnorcury As rt v.ovh- 
Ing fluid *nd Is coupled to the rcoctor cooling loop by n 
heat exchanger (boiler) where the mercury is preheated, 

• vaporized, laid superheated. The s ope rhoated ‘vapor 
drives a bicbln'j-altetmWr asoemoty which develops the. 
■too cf.T electrical output of tl.u system ■ The saturated 
mercury d-ipor leaving the turbine pnnu.'g through n con- 
denser unil.thyn to a mrrejury pump to complete Its cycle. 
Coaling for the condenser is provided by a second pump- 
'> ' cn NnK loop which t copies (ho condenser und space 
r idluter. The fourth hx-p of the SNAP-* system provides 
fabrication und celling ustr.g an orgunlo working fluid 


(pohphcnvl ether). Lubrication i-v provt-hd f.,r the bear- 
ings In the turblm -alternator nssembh end th* m-'r^urv 
pump-motor usccmblv. CV-AWg la provide d for the 
alternfiler. pumps, .>nd vlic»rt«.i*l omlvopi the organic 
loop fluid Is pump driven and has Us own hi ji-u jccllon 

rndlnlor. 

An auxiliary loop connecting the two N iK Joopr. pro- 
vides a thermal load for the reactor during initial h( .ding 
prior to startup of the power conversion rvutem. 

SNAP-3, In Its current configuration, hm. Ken under 
.'development since 1903. Throughout thl*» period, ecm- 
tlrmouft emphasis hno been placed upon cftcctlve pro- 
grams to obtain data for deefpn Improvement mvJ to 
demonstrate reliability. \* a result, the combined hours 
of testing In various tent facilities has contlnuixif.lv rlcen, 
particularly as experience und Improvc-mrid < fa compo- 
nents and test support Afjutrment have caused us lucre,* 
in testing efficiency. The testing efflcl-.ncv of all factlt- 
Ucs in the SNAF-3 program ir> shown In Figure i which 
defines tho percentage of time the ftotlltlca have-been in 
oporqlion. Tho rlep of efficiency, particularly during 
the lost year, is Indicative of tho conllruol Jmpro'xau'Dt 
In testing efficiency. 

Tho most plgtVlf leant feature of the V>1 program hur- 
been extensive testing with the SNAP-n components xom-' 
• blned into comploto power com or el on systems During 
1900, testing begiyi on u complete breadboard svsU-tn 
faiown *w PoAgr Cv.\vorslwv ^yhvcm l <i’C3-l). in ifldT, 
a similar fast facility (known ns \V-l)~k>rf* pot into opera- 
tion by thy -National Aeronautics nnd ?p ic e Adm ted Meal ton 
.it the lif'vls lie so. arch Center. Doth of these systems use 
all of the SNAP-rt components w ith the exception vf the 
reactor, rut'lnby,', :in<l 4 Iutd reservoir^, coating thvm far 
h.vj used gas or ulcctrle hcat-TS In place of tho icm toy, 
imd utr-ccakd hv.\t cxch^gvva tw ptuce of tho rndJ.v^.r. 
The of- these facilities has kin to Mudv tho 

4 Th-’ Ir.hai'V itt-.-n spyw arlng lit this p.ijv'r fn based on die 
work pt-riormed under National Aeronautics jitJ Space 
Ad ministration Contract NAN 5-A17 
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Into rrclwllcnsMi-S between covtyponcplw wvl system during 
t*-tji fiteAdv-slotv vferallofr .rod t'lirtup trrmdento. 

1 he Pcs -t" -*nd W-l bread! oorfi ovrtem*'. have ilio 
vehicles by which mi* eh Inform at ton-h-V* l< in gained 
t-wvind undcrr-lnndlng tho phenomena to bo expected to’ the 
final SNAP-H nvAtem. Tho p-Jrpose of this paper to to 
deaorlbo the various uvakm -related phenomena observed 
duch'S testing of tho PCS-1 and W-l r-v.'-M-ms. 

DESCRIPTION 01 ' RllEAPBOAlU) SYSTEM 

PCS -I has been col cited here to show the ebe w.d 
centibar niton of atypical SNAP-8 brc&dborord ay stem. 

.An overall view of PCS-1 If not possible Jn one Illustra- 
tion due to the interference of tect-colt wulla and stiue* 
taro, The boot perspective of Jtn sb.e and geometry to 
gained from photographs of a ocale model. figure 3 
chovvd front and bank views of a,,l/-1 -re ale-model of the 
facility, Tho overall floor urea occupy »1 by tho facility, 
exclusive C-( thugas healers, hcat-rep— Hon nlr cooler* .. 
find coll scrubber system, Is approximately 030 ft 2 . By 
contrast, tho equivalent SNAP-8 flight *yfllenr might _ 
typfoalfy bo packaged In a oonlcal shape aa shown by tho 
modol in Figure 4: tho cono Is rfy-rexlijintoly 12 feet In 
'diameter nnd 27 feet high. 

Tho choice of operating with a breadboard oyatero tu> 
opporid (o tho compact ey atom of Figure A hue boonrndvari- 
tqgoouu to tho SNAP-8 Program. The breadboard ay at cm 
hni allowed the discovery end correction of ruin croup 
oystom problems while retaining the Inherent versatility ' 
of breadboard design. Consequently, «ny restrictions that 
may have rooultcd torn pr.eitiniurcly.fr cozing doBlgnp 
Vavo been avoided. Dunic^llv, tho breadboard system has 
tho oamo- testing value so a compact system. Tho primary 
differences between the two cyslcmd nrc In lino lengths, 
hoot 19390 *, and transport delays. During tr&nolcnt tcot- 
’ tog (otnrtup), r\ compact system unquestionably has a 
' gro&for ability to pimulnto night condUlppn. During 
atocdv-otalo testing, howovor, which hao been tho pre- 
dominant motto Ikuc far' In tho pregfato', the breadboard 
oystom 10 of comparable value- to a eompaot oyalcm. The 
chief ar<*a whore testing hap not simulated- flight conditions 
h.u'boen with reactor on<J radiator simulation, The* thor* 
mol oapaoltlea of tho breadboard -oyp tom gno.hont oourco 
nnd alr-coolcd heat sink require.’ extrapolation of tOBt data 
to Interpret transient effects. .This same problem, 
however, would to experienced with a compact ojrotfm - ■ 
unless a Reactor and radiator, on tholr thermal cquivcdpnb 
were employed. - Overall, thobrCndbo&rd approach has 
proven highly successful a', n tooting raothod, 

Tho test progrnm has been t>T*cM In that many subtle 
aroas Involving tenting Methods and equipment have been 
encountered. A principal problem hnu been tho reliability 
of test support equipment. Whoroup SNAP-8 cbmpopcnla 
ore; designed for a 10, COh-hour life, eemmorclal products 
generally arc not. Difficulties with test support equipment 
have either direy'lly, or Irvtl rcctly, been Involved w ith 
many of tho foiling problems which have been experienced. 
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One of the rtgnlt leant lmproverocnte of tho test progrrwi* 
hri'i been tl.e evolution to more reliable tt->t support equip- 
ment. Changes tn i-ump deftfen, valve design, clicljlcaf 
con act'll one, etc , hnvt- l*ccn adopted jvi t.no,v|cdg<* w as' 
Acquired .dKXitvhe requlit'imnto and cnj>.\'»jMlcn of teat 
oujsport < •‘piiprpcnt. .11 to entire .tod that tluvagh cr-roful . 
product Mt'cliox ind deMgn. the i>rflUrm> ,Ur<xM\ 
attributable t** t< st 5t*j>)*tort cqalpnKnt have Ken reduced 
J*v ;*»o3 wince the' in ginnlifg of the teat pi Ogn-m . Tho roll- 
ulilltv o* t!,c overall- fa cl 111 V him thereto b<-cn_ Increased 
significantly. . Tent support equipment probU me h.-ve 
gcucrullv been eliminated or modified to whore they Hyv e * 
no effect on the ability to keep the n>ofoip operating. 

Instrumentation accuracy,. 'Info redueden, end data ** 
analysis hmo alee bc.-n strcKscd throughuat- the teal pron 
gram. TJmo nivl experience h.ne led fo significant chfingos 
In there areas. Ir jlruinentatlon redard-utev has coatltm- 
allv lnnreaecd to outiafv the need for extensive ,md roll r bio 
data. The quantity, of. Instrumentation h>i f . npproxlm&toly 
doubled during tho tost. program duration. Coincident with 
the addition of ln^t»'«mentfiir''n has t>ccn u nolle cable up- 
grading of Instrument quality and methods of lnstnttncnt 
application. The result has been rt decrease In Instrument . 
failure rate and an Irnirer . .n dala nccurocv. ' 

, Extopolv e compute r uoe has also evolved from the nct-d 
for more complete nnd effective data analysis. Compute^ 

* progrpius have been dev clopetf which perform* functlfcns ' 
ranging from tnotrurrent Calibration to cunpletn system 
and component analyse a. An a rcruU, -the data rcdplento 
. have access ta rapidly ay tillable I'nd accurate data to . , 
evaluate not only past, but also current, performance. 

Tho ?C8-limd 'V-l brcadboprdiiystcmB have edcqimtelv, 
• dem on st rated tholr vtfluo nn syelojn test faclUMca. This 
Hucccoo.ln wr 11 -Illustrated b>r their records' of- bed . 
teat time rani tho value of the system a,id component data 
generated, .Figure & shown the. clflclcncv of breadboard ■ 
wyolcm teptlng ns nfunctlop ot tlmo. The Incr^are In 
* reliability that had been experienced with ilme io dcinon- 
" ntrqted by the signillchnt rise Jn efficiency (Ib^'to 38%) - . 
nccompllohcd during. the last yoar (101)7) : . *T!iJo tooting. t 
oucccso, e.ouplc'd'wllh the lysfem -component performnneo 
data \yhlch hno tech generated has m«lp'^4j«ilbditttl , oypf . , 
tom tcatlng-R hlghll’-cbeecfaful pr.rf of.tho 8l(AP-8 v 
>;rocram. •, ) • 

" TEST RESULTS 

Tho pc’ rfo jto ana* of Judiv Idunl SNAP-8 componcntn 
and Demo limited flyotem pi'rtormanco were reported 
corllorv'),* 

Tho great value of the breadboard oyqtum 'testing had % 
como from tho acquisition of dMu regarding tho perform- 
ance cf componento In n o»tcin. Where no each component 


• Supers erlpt numbers In p:.reall,c* , 'S refer to olmllarlv 
numbered reference n Moled av tho end of this paper. 
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worked well in it)i.lr.djvidu.d test »n>'lUtv K itmxlaed to ' 
be shown mat the component* were romps^blc with one 
another when, ccwplrd Itradvmimlc F\stcm. Identification 
of tho van roe Interactions of thovomponents and th«v 
effects on system outp-ul has been ft major iiccoatpllsh- 
mcnl of the SNAP-x tooting to date. The oV.crud ovs- 
tem ar.d component Inter rcucrin ate dlBcuf-.it <1 below, 

ripl lor 

■ • Tf.t* yNAP-H bolh'-r is h<cuqtcr-flo , .v boat exchanger 

which couples the rcucier-coolant NnK loop to the- ,'ower A 
converalon-uvi tern mcccurV loop^-1. ’t lie eu. , vftl design 
Is shown In l Igurc* 8. Tin heat Input eonafotn of.I300*K 
flnK from the reactor. The >juK flow i ale dl<r.vn Utc NuK 
tempo ratur** to drop about l7u*F In p.i lying through the 
bollci, • Oji the mercury side of the holier, the mercury 
.makes a ..Ingle pans thro\*gh Reven paralh l tubes. , The 
* morv'ury fitters at •i3'>*K In a t-ubcooled state and leaves 
’ the toiler at U50*P UU0*F Bbperbenp. Rxrrrlcncc with 
hollci footing hru included tb> tea ling of fmn- bolters for 
.a total operating time «»t3»>7wh«)urn. 

Tho boiler Is a kov component with resptet io 
component -av stem Interactions.’ Klr.co 8NAP-8 Is a ■ 
dynamic evotem, it follow u lint iho evatem to oubjrct to 
. % p*rturbiitlonn in the fomr of precouce i\ml fompdraturc 

* varfatfoiuiwliloh d It in* atcly , ^ffci'it.'iiVHtom electrical 

■ output. -Th* bolfoe fo the principal eourct*' "of tho power- ’ 
conv«.'ro1on-!.v».um p>:ilurl*atloji!t beeauce of the extensive 
chang(«-of»Bt<(e the mereqh* unddrgoeq during par-u.tgc 

* through Jih.' boiler Iho chtmglng ntatc of tho mercury ' 

Is coatroHc*! f v th*' heat-trannfor rides ru.J other llfov 
condition/ usnociatcd with the seven mercury -containment 
tubes. To an extent, the thermodyniimic and hvdraullc 

. ' • phcnOm.Tmvto encji.ol th.? toilcr.t'ibof- occur independently. 

. Conacqucntl>\ anyp/oevon dlffor-mct )>• twcdniubea pot.’n* 
ttnllv gives rise to ow.tcnr porUu batfor.a. One of tho 
fdpemoxt objectives in the holler design has been to 
achieve unltorrp tube performume consIfaUng of rtablo 
ivnd equivalent mercury llTa(d-vtp?r lhterfnc«'n In each . 
tub’o. * l . , 

'Conditioning- .The holler, at orenent, to the ttioot 
unpredictable co/nponent In the system. A holier- 1 u sub- .. 
J«t t- ,u plr?nom>Mvoiv enUed t'dcpondltlerdng/' TV- fvyi.ip- 
* ■* ' * ’ iwmo of ,v «fccoii JlUbned boiler ate Incomplete boat -tr.ui*- . 
for. onucunlly low pret.ruro dvop. low.v.ipbr quality, 
prosruco to -jt.blllty. ar^ a largo Inventory of working 
- fluid rotftlncd'fn th\- boJIeh. Decoadltlonlng oCcurnln 
dogreos varying from * l!ght lmpolrni-.nt of ^'rXorrqrjice a 
. - to tho ostremd c,lso where* the toller cqtlot c-nndl tlona art- 
unacceptable for tufblr.c opnrnilon, 

Tha phcaOnenen causing - dccondlilorcd |»rformancc 
la Inadequate and pcoVly diotribulej turfaco welting. The 
wetting to gt-iKVJliy ft function Of curfn-.o cfoanllncse and 
malorlels. 1'vTfoMlv Hu* pn-formunco of a dcetfn'Utlontd 
boiler ImpioV-.v wld. t>p%rntto^ time. rt*c< scouring action 
of the flow tog working fluid t» nds to bring ab^ut n wetted 
surfaco. SNA experience with boiler t- attog h'vs 


involved boji r* which conditioned fmmedlafolv upon 
hlartuy to boilers which, after swersl hundred hour*, 
were still not fully conditioned. The time required to 
condition boiler "Imply f>v operating It to hnn|< ;»Mv 
unpr-xMcl ibh- other than lo ray thit the cleaner the hojlrr 
rJid at not luted loop, the sooner U will <^.titfop s\-ai* •*< 
cxpcrlcrce has nitrated that, once conditioned, n 
boiler rem.dns conditioned, prr.vt.fol no f-a« ign nvderi.d 
foil, or other mcrcurv-uet^tn.; inhiUtot) ohu-rn th*- 
WFltcA) 

fw.v ri.etho-lq have been u«<-d In SV.M'-s testing to 
;icWevc v«*pd!Ucr.ed boU«-» • per.itfoo. The tOrt-Kvont, .-n l 
ei.v jeus, methyl 1 .in been f c* tho»ojgMv cle.c* H.e l-oih-r. 
1.0 thlN end. olo.O'tog WrtlnsU UHlxp repor ted flUKhCs *-f 
{■olvanti ijid ntibut quvnt -Irving b.»vo been developed ruvJ 
- Juve proven effective. A -tr.-Tid nii-tho.t thit h - * i.->e*.o 
in e<1 to jchkHe condltionli»,' h vilacn the mfo m >uldltlv('a 
In the mercury. About Inmi pp.u of .-uhlJlum ..*JdM to 
tV.- lAi-reurv hr ci re. ulu d in tont.-uttaAccv* r*.ndlUoning 
or the boiloi . rh-- condlllont-J wtate acMev* d u* in>: 
rubidium h.«y pi-rat.-K-d ,vi long tt* ro o.xvg«.n, or cth- r 
material which could react with the ru'd-llun., cmer« .1 
the loop. Figure 7 Fhowt the ln»<l,iAt uiv-ouu eh uw to 
vopor quality resulting from :i rubidium tojeetfon. Full 
fuperhcnl to achieved in ato’it sev^r, mlr.uU;** follow lug 
rtbldlum injection. 

There* ax< /hov.o or, pot>-r\ti,d pr-ibt* m--* luvolw.-l with 
the uuc of rubidium. Ilubldlutn cojM -u rutaul.it* ■ In tV 
space* c,oal ar<» c-lnco the nu-rcurv would ha\*> * more 
rapid rate of/vapornlloi* tluoagh the soil and <*ut to 
spare than would the rubidium i wcntuuHv, th-.- rubidium 
Co*u c-utr dlon mlpht become high epe-ugh to form n -olid 
Vmnjgaln Ip the rjx.cv Alno. rubidium oxkt-- t mlrfit 

«’t poMt cn lur»dr.e hie b. . ir.i no/rli-s, thereby lmp.ilrtog' 
system per form i a ee Me-ru-re of thc.t- potentl.d prob- 
b-ris, the v »0 el add! tiv on to not being j.-u-sa* d .t * .i con- 
dition tog. me thol k»r SNAP-s . The cmphivsty in upon 
material rolcctlen uut &urf.i-.e propuratloa, 

1-1 qu Idfcarrj-ovcr - Tho pv.'-A.v .iccumulMcd hours of 
system testing hftvo provided much data pc-vtfnrnt to 
bollor-liiduccd sysk'n* phen-i.Tmnu, O')*- of. Mu- primary 
, effects the boiler has cn the -.vntt-ni to v pUri-a.- non 
trailed ‘ liquid cauyover. " Liquid carryover to minute 
dropu of mercury e.- rrlc-t along tn tlic* wfo-r ^ttviinv to 
liquid form -e cn though the vap-.-v to superheated. Sup- 
’face U-nsfon vffects nnd Inadoquutc opportunity for the 
drop* to L-ont'.ct tht hooted t-ojlcr tube walls prohl>*li * 

. -these liquid droplwtx frqm Vu'eilr,jj\opcrlrc-lj 

Figure 8 shows lest dalacn thcquimtltVvf UquI-3 carry - 
over font'haubct-Q f-x|>i}rlcnccJ.'-At *toaii(tt op ration, evn- 
dltlonci bollors show j-bout 2-4 1 ' liquid umu\a' A li-^x- 
condltiotlcd belk- r has less ii.k--.tlte hu'ittrani<f..r ;md-a 
fiber for length of boiler illftWle for sup^-rhosttoK u>d, 

consequently, h-ifl surr.ow hsl more earrvovei. Figure :i 
’shows iho rt'lstlomhlp found betw.'i'n liquid carryover and 
boiler conditioning. There does not npjvear to fo* o gr<*.»t 
chwgo of exrrj’over with chang'-s in conditioning. 
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The effect of HquM rnrrvoior on the Bystent h n change 
i b»rhlnp ptTfornbince. The lower voice! tv <?( the llq\UJ 
rop } cta rcfiHlm In a 'ir.v* effect on the turbine wkeOla. 
o datnh.»r< K*< n raled in SNAP-* ty«Ut>£ to define 

>r prcclbo mofnltadO «f the efffet of carryout. However, 
*tc.p<*Intlen ftom tte-Vi rinU in the Ilk rnture indicates 
ml the ^NAT-* ».Vbicm might experience aFprtatlinulftly 
,70 kw lo.s3' of <ufpuj power foe t?a$h 1 .&% of liquid carry- 
vor. Tor it.cign punvotre'T, it It* assumed that a 47/ • 
t?aidCi'rr>ovorvvinvdway a prevail. ruturo boiler dcoigho 

aimed ftt reducing the carryover content. Turbine 
rosier; damage due to the liquid carryover has not teen - 
problem. OveC 2000 hours of testing on A single Ur- 
ine, ulth call mated carry over quantities of '4%, have - 
'hov.ii only mtnor, itcccplablo, erosion dam ago to thr - 

~uel;ct 1 ceding edges, • .*• 

* stAbimv< Anoltor tollor-Imhiccd oyctom ph^omcnori ✓ 
apTCoauro huetuatlons In tho morcury lo6p,. Th-i-to) , 
lucNalions arc generated wltMn tlid boiler nnd . re • _* . 
ronamiUed Ihroughoutthb loop, The syotem ccta iho 
lucpjQUona as a cyclic turblno »nlot prcaouw,. cyclic 
omlcnolng pressure, vnrfivblo mercury vapor denoityi 
nd variable mercury flow rate. The phenomenon* In - 
turned by variable hoat-trcmsfor.comiiUono within the ' 
oiler. Suapcctctf factors within the boiler which lead * 
o (her jaotnfcllU.v are alug-flou* boiling, nonuniform heat 
inntsfct* of one tubo with reop^efto another., and NoK^ 
low siratlfj cation w . . • >• . 

The holier design objective fa to rcdrlot tho pressure 
luctuatfon to less than *5-3%. Thla ebtrettvo haa been • , 
iccomplishcd as W llluatraM by a typical Tpeocure 
rfcce ohovn In Figure 10. The preoaure os o Monona 
ictvc « manfmuM magnitude .of , &%. . A typteal frequency * 
if the oaclUntidno le O.Dcpa. Tho general trend »tf far 
he octUlatfonn to bo greater fop n Icus-condUtOTicd 
idler. However, over a canaWcrabto rab£o ot condl- 
iont the teat data have Indicated that the fluo'uatlcnu * 
KnoMpirtaao opprecLihly, A boiler ooffltdtr.tly docort- 
UtJofled to-havo VsccDHive (ohyv ^ ) HuyWaU^nh would 

iffcnflybe unacceptable to.lho Aystem on the jjronndn of __ 

, w vapor quality, and, 'poisolhly , eacoDolieWrblne.bro- , 
licii rates. The pionsuro-nuctuotlcmp d<5 pot feprooent 
v hacard to M-otem ppcf oVlwu by their very nauiro, the 
‘hiotuatl'intf aro nolf-dnmptngfqit Increase hi boiler 
irerttut c cause-3 n reduction In ffow* which faults In a . 
jro sn jn-TcFi-- tr- g co'-aponsatlon. L , -i 

TV. • way tn \tlilqh the pvc»fiuro v n'idtuo,t(on« affect tho. 
#>'£■!*.' r,i lo In alternator output power. Alternator output . 
;^r,u'r varjutfona occur at the a ora a frequency a^ Iho 
pressure f.n<l flow vurlaUcmi. Flguro 11 ohov.o a typical . 
ir$^o of alternator output power ! Tho power var laUonn * . 
juncint to kO . i^of tl>o tdtiil fMwer^ Tho rat electrical 
output of tyfltcm, hmvcVor, dsjoo not rorfect tho power- 
vi-rlMlonts seen at the olK-miilor clnct tho SNAP-U apecd- 
• t'ordVol system absorb? hnv etc? oa p-o-.vi-r no* required as 
useful electrical output. Therefore, tho useful electrical , 
output remains /it a constant level with jKJwer fluctuhilw* 
belflg tibaorbed by the Bpecd*ccntrol system. F/gvro 11 


jJr o lacludea n troce of net /-yaiem clcvtrlool wtisst » 

BhC’.vi'ng uio stable nature of the «iatput power. The net- 
pmu-'r vnrlatlons nroindlsccrmblo i-ven thaugl. the altnr- 
hator power varlatfor.s nro >!>.£%. The penalty Imposed - ■' 
by the heller pressure iWtuntlons is a reduction In the 
net wtr-t po-.vtTby wv amount equal t<> the magnltuda of 
the alternator eiutsctt^powcr dips, - , •' 

hiertmryjnvcnter^j Variations In mercury Invoniory 
(a another phenomenon character Is He - of the boiler. The • 
oinouht-of mercury ce. 1 laired vvlthln the boiler Is a fane- ■• 
floe of tho Uquld'vnportnierfoee loomJoit. Tho into tine o 
location Is a function, of hoat*Vwtsfcr ceaditlenB and tho.' 
boiler eondlUonlng status.' For a conditioned boiler, tho 
normal mercury inventory io 2-O—iO lh. For dccondltlonad 
bellcfe, SNAP -ft experience has shown inventories, as 
high as JG lb. To deter mine the xnorcury im’entory, Thh^ 
SNAP-8 boiler* have bebp*inBtnimtPted.idoag the <wio^*‘‘ • 
shell to record tfiO.NaK tempo raWrc grartl onto .along tho 
bollor length* Figure 12 shows two ouch temperature 

■ ptoflloai qtic.for a r onulltonod bolfcr, andono foi^ a * 
dc conditioned bolter. Tho beglrmJng oi tho stoop slopo 
of bach pro! Ho represents tho locadon whore boiling 
begins. Tho profiln for the docondltloncd boilor shmvo 
•ho boiling region to havo a different looniicm than for tho 
conditioned boiler. Tboreforo. tho two profileo Indfcato 
different lm t hs of boilor filled with liquid mercury, For .. 
the tot a profiles ohawn, tho mercury (nyentorloo aro # < 

k npproximntciy 25 lb and 40 lb, * ' 

- Tho direct effect of^n' boilor inventory change lu a 

chan go tn condchBcr. inventory. Tho aubccquont indirect 
effect lo a change' In turbine bWkp«Dr,ure otul alternator ' 
output power. FlguTo-lS'prbocnto tho rolatlbnohip 
be^ecn'botier tm-an’iory und attorn ator output power . 

' showing that arf lAproase or deerqacb In Ultet bivedtory • ‘ 
reouUfl lo n'cprrt3pondlns Jnerenoo or dccroano In 
alternator output,. . . . 

•The o|>ccif{c effect flM>wn,)b FJeuro’^a io generally 

■ not oxpor.fenced If the holler invefttory, chajigo is tho 

roflutt of-’bofler cendlllpnlrig or. decenditlonlngr Irt thlo.^ 

saso, tho ohungo -In hollar liquid eftrtyov or nBaoclated . 
whhibo- stonge In boiler ; anditiralng ban an approximately 
' erplal, and opposite, effect oh fiftornntor cvlpub »tho .. 
boiler invehtory change is tho remit of phenemunn other* . . , 
then n chttjtfb In boiler eondltlonlpg,*. cuch no boilor ero- , • 
or a change ‘in NaK conditions, |hcn the cffcot define^ 
by Fljturo l3 con bb c^t-Knved. - , ,• . > 

‘ Trr uislCnt Opo rntiptj: The rtbdvcMeftQrlptlptt^ of bollcr- 
sy6*©m Intoractlono arobaoctf ujv^ti/t'-ady-ainto cj<irntfon. 
Boiler ntnrtup teats hnvc llluatratcd nnothdr tntorcjtirg . 
bdllot phenomenon. Tho SNAP -8 idnrldp nehemb ontls. 
for ru'ccpry injection into the boiler with the NnK-stdc . , 

Of the bojlor already at fulV temper a tmv (K'Ou’F), Thlo 
.natural, given a polentlnt for higher Initial hoat-trfjjafer 
. rotor than would bo CHper lanced during atcady-alrdo 
oporrilon. Therefore, thoro is the possibility of boiling, 

Mid high pressure drop 8 * «« th0 w^rcury inlet-end of 
tho boiler during u stsrWr- Thin phenomenon hv* be en 



Pago -t 


! 



vhjenod during «om-y, but noi nil. F-iartups. A t\\> !c«t 
pl<*A of boiler pressure drop for a startup involving a 
pressure -drop sarge is given (n F'^itc M The buffer 
pressure dtvj# teh:fw>ranlv refit h-^t a [ku t,i &Wt t iu 
j^fil Wid-then seufc-l back to n norm ff value near 33 pM. 
Other Ktattupn have had a smooth ’tresauro-drep ramp 
with no pdak.: Prcaumablv, the co'^ditlonfng ctatua r>f the 
boiler affects tho extent pi n prroDurc -dr..p nui 

Tho effect on the avBlcm of the proa cure-drop surge |c 
a cargo In »x>llcr mercury inli-t prcr.rar* . The efiango tn 
bolter Inlot preacure changes the preawee drop ucrocn 
the liquid-mercury flow control valve no that the end 
result In ri dip hi ll<sul<l-uM»rcury flo\/ rale Ho.toYer, 
the enttrd phenomenon jo limited to tho liquid a Wo of 
lhc merturv loop. Mo effects occur at tho boiler outlet 
ond, conBCqjcntly, tho mercury* v flou rate end 
alternator power, t!o not ahmv any reapenoe to the pres- 
mire (jurges. The net effect to clmply Uiat tho mercury . 
..liquid aivi flaw rates are temj>ororllv unequal, but 
thtTcffecl la absorbed by a temporary variation In bailor 
mercury inventory. 

Failure a : Four t> pc a pt boiler falJur<-.hft\o occurred 
during tooting. Tho most ncverc, and frequent, failure 
mode has been an Internal leak between tho mercury and 
NaK> Thta failure mode ha u occurred three times. The 
effect upon the oyatetn, bcoldcs tho notur/,1 requirement 
to shutdown, cun bo very dev ere, As n leak devclpp?. 
tho first reoult l» mercery crossing Into tho NaK loop. 

Upon phutdov.n, howovo> % the proaaorc gradient can 
oMlly lever ao and attaA' N'aK to ertter the mercury loop.- 
Therefore, tho potential esloto -for tarming aolfd amal- 
gam a In bpth the morcujy loop and the NaK loop, duct . 
ouch wi occumtKc resulUd ffu* flrat time an Internal 
lc»ik occurred in SNAf>-3 (eating, .Solid anxalRamn f.om< d • 
fn-Jjoth 1opp3 and In the. rotating cortiponento, - ft v.-pp tjee- 
coaarv t£» perform extensive jeo/ppew-ni and ioop.tlieoa- • 
ocmbly to clean the dyotom of amalgams. ' 

An n result of thla boilor failure - , wprtltorjng methods 
were calabliahcd io give early wiivnlnga of a Jeak. • Tfib 
functlono Detected for monitoring were condenser mertury 
Inventory, NaK pump-motor current, end NaK fled rate. 
Any dccltqo In condenser Inventory reproncnla a posstble 
morcury-to-NoK leaf., particularly if there aro no Indica- 
tions of an external mercury leak somewhere fa tho loop, 
gr If iherd pro no Indioatlops thot tho boiler inventory 
1 requirement Acs chiu?£jc)l (ruch an from dcc<md«fontng|, 
.Cojjflrmodon of d su'apaclcd NaK lone J? obtained by 
cbaorvlng the NjiK pump-mqtor ctvr tn* and the AniHeated 
N«K flov; rate, -Uoth of these function jure avnBltivq to a 
flulU dcfisltv chctoh? such f»a occurs wficrv mercury i» in the? 
NaK. Oy ualng tleoe moniwripg rauiods It waa jyjpeible 
lo more readily doV-ct when faxorm 1 ! A-^IJer leaks hod 
occurred on two pubsequeot occaalona. leaks on tl ( <v»<r 
Itttor oecDuiops wort detected Jn time lo re quire only loop 
cleaning rather than extc naive to-sp :<rd compon«u 
disassembly. ' 

A-sceond tvpe of buffer failure In an external NaK teak. 
This type of Icidihnb tccv'rced at the NaK outlet vowetlon. 


Ui .»n- \ «mJ%pc* fed to U* v;>*J«'ct to high ntn-Mc* ilmirg 
t'u *t.»rtup tr.uV'lcrit. ,rc O' lag con'Mi. ted b» 

f*iu*iv IK temper at- jiv gr-., Trnti. omf M<1«* in thl^ 

* or^j*. -? j. 4 * 

A third Uve - -if failur-- w. i- h ■*. Wen »<< ri ,: r\- rort'-ston 
and/or t t’O'.iuu .it tht uu rr urv lob t ca l .-t th< m.Jtvx . The 
Urr.l few lV j 1 oJ thy t»w rf u r *: e i.r,V' I n mt M t ah « ■ , .-oeKln o’ «'p 
Invert*. to fncrer.o tin* HqiM-nu-rt or , i« U>ciiv. - fo -chiew- 
a rt'ftjrfog d/cllon for ict* i.'v^d h, ,,t ?» „* ->u v. plug 
was wixind with a v ir«- • nr d . \ 1 . xr y |re ‘•pir iK v w 
bv^Jee- \u heavy COI I OhI->i.’ I , .w,t--n* TM- \j» dr bh-- 

iibf- (ffect w.»x oviiMut l>s chx'glr.g *h<‘ ri.it/llulx ftT',1 in 
Machining threads or gio'-u * into JV plug rath* r th»<» 
v. Ir/OJng )t with w ire . 

A fourth fnllure ttmh W< u u* d ii< u boll* j- wbj. h J, v l 
jipo. t.d'plug insert* -v»itid v iff, m-w tight -pffih wtn< 

Tt/C'tMuU ex blglur <K|i*l(i pi . , < M| C \, |. A t»j, , 
with resultant in>pr*A «d bulling chav *,<. »! u< . The 
rlK-it Who that b-jffmg In tVx p.irlpul.w t . pljn ih,,- 
holk-rw ax U*. ( ijocyt 1 ho ww i .. ui v pretiMluiX Iv liolk d 
In M»Iy. flpht-pllcli ti.gi.xi with tijcriuull lt,,< tf.< v , c .. 
drop which docl</|vr d wax so high tint onlt u> <•*'» lV&of 
normal flow couhl he furccd through the boiler The v r o* 

blem wax tartly rcrat-ihd h\ changing the plug ln<u ri-i \t. 
fnvr**i W Ith Ir.er., d -pitch v.lr.'a . 

T ‘.rbln*--AH cr T.iv.i jWt mhjv 

The K.cWnr-.ilivrw.qui^I u; x.ml-lv vonst-MiJ of t-.w uh- 
fl^-jemblles* n turbine i? , .i>ublv .md .•* ftltPraaiOi n m» 
bly. The unit in t.hown la Figure- J 3. The lurbim, in a 
fwr-ntuge, ,v\ial ImpubI rv.i -Mac ri< flrot ,-nd .• .cond 
otfRcs a»*o partial nlnit- ofon, lh- thWJ t M fon th .we tall - 
odmtN^lon. Tl.e HUern.iW i- K rr.ntU Mlv ;*(. ah\t 
rndlal-alF-gyp. tom* r->l.'r jii-lqchv with .* Inwhl* ax aoltd 
rotor. The rUctrica! oAp.t K .j -phase, l^h'2^ iolt, it, 
*-t«)0 IU , parole bull bearing pn>i rtihltr •* ar.-> v -■ d f-i th< 
turbln^ ami ultb runlet*. Tl.e furbjn.' If* PuHtlh'vCT-niounb d 
cad the aitcrnolor j*; Btctuidlf -taounh <*. Tb*- unit -*• ? 
at 22, POO rpni- The turbine o^vc rating cendlticn l« a.mcc 
cdrVmpor flew- of wt laf.O F and 2*0 pni 

Tho turbine exhaust is ) t,0 At U-yae twh- 

' t dJ lions the j(r.osn electrtvai'wtpjt t« atout 5^ J-iv for ,t «.*t 
useful b.vaU-)<) cotpul ot 3 >- 111 , Testing uqv-riir.c*? h*« 
included 0 untM for a tut».l occ-i iiul tipH- ol r *2l*i h-urs. 

’ Thc-imrblne-.iltece.dvv asi* f hJifu If. the ht-irt of the 
SHAP^h poux'C eonw-^slwv f l,\cyv \x-i (ucbatl-n 

imposed ujvoa the nsf-mbK* dux ctH qifci't* the* useful 
elcarlcnl c»jtput *>f tin* os .wall sikb tn., Cvns* aueMh, 
the dcBlgn. operational ,m t hy»u-i-.t 'lat«i-act(ens 
Involving the turbine • ill vr nut oi mMv p*.- ,'form are e a,*,, 

of parnmotmt import am T* a ling , xpt Vi* - iw ^ w ui fh»-< 
turbine -alt cm atov ,u u* wMj n u.'di-montimtr-l'.ir* ;■» «>( 

r igtttffi art \ onij-tAnL-ni-f vAi* in jr.u meltons . 

Turbine Fff ir ^rnm: ? The hnMm-t -h ..n ,n r»th-n>ieOv- 
jiamiv CliKl* tmv .*b>ut ‘x-jt whi n opmltd .>t design 
eondfflvpi., Ata di-ilwtlwn ft - «. -i. sign . v 

Ml CfdelCUCl /kvrca*e an ? ) rKultit.t *1. , , tr,i' tn w«v(ul 
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fi> .Uni oiti-nit Ci. tv.«, wcj' U*rc« during turbine ration. 
’tfi»i'r<vil (urMnv rt> mgen ooonrr . 1 i' i iff* cUd the nv»,mtn 
.-uYjU Tfu tiff.1 «<«. J»r< nCe *. U *i »l a ywil.lng >*f the 
ffi .*, 1 — lag< 'no. 7)1 iikl. which lufcrvvrtcd the rff< <Hvc ««/- 
.i'ii •«!» 13* A '**» <> s'-c * n 1-st jsC.' 

dlupWogni, wit). w'- cl.lvd I. A.i(;c pith*., «.> 

The OM'f ili < fU tt wea a tk «-r»\wi* in cffi- 
clvrrf .ind.iv»d**in output, * Hu miijant’. of Ox Intel nai 
jpi<c:ir^ V h'lrinn**' * period of »>rw 
ho'.ii . Flgarv 1»> ■-I.o.Vh the chances. dm lag ,1 nivenl- • . 
hou» lunr ■ j'.'n. In turbine 1 mid pr* "WircTwhUh In 
ln\, imI\ |»» '‘portion jI In (in// li ttvat. rtltenfliilor c!<c^« 
U 10 . 1 I output, .<n>lturb|m t-fflic ur*vv . For i tew mlnn^n 
then ■ m .utv.it lriipr*»vi nunt n porfurm, vr.rc due to- 
the Initial no//lc-bl«uk >hln.ng. 1h«* «ulp*>l p-v.vr and 
turhm'* dflcl* nev r*»*e .b'-u< Jv'T*.. AppArOnilv , '1 m rt » 4 ' 
optimum :.»wlt iffuUvi »r«'.| wan temporal llv aeTili \fj. 
However,, the net effect alt* 1 11 ■' »•,/> l« Mu* V lu'l MMled 
lnt«> its liixt! position wan a dttre.w d'd-out Id’?. m 
.nUrnutor oatjwi md turMne.-etilckU' . • 

Toeorritl thin, the first-stage nozzle block retention 
was redehlRttc il oral the Ht-Loud -Mage di.v 
p*»r igm material wn*» changed. 

<\ . itoD'I experience 1 with Internal tut bine < luingc a wu** 
the result o* mnmvtnxnnfcr buildup'; v.llhtn the turbine. 
Thht pTt< n«*it*cn<*n H ai»j.ncnUt a function ot nynkm mate- 

* flulw ;.pd liaiU-r operation at ty.% Vnpoj* quality. During 
'ijn extend™! period of boikr njxVallbn at’ low quail lien,- a 
reduction o| about i'&> In flr$t-fltiigO w»jvI,- nt‘c a o«ui redi 

* Reduction *<l n< ?zlc at.; a,, in the other thr..<- stages also 
oecurre*i. but t» a lesser degree. A 4 * the holler perform- 

iniprotcd. the anr-ax grn'luolJr irtc re.ixed. Thence*' 
.end, third, and fourth ntngen rogulncd-most of the area 
they ht.d but, but the Itril "l.'g. it turned to only uVOtft 
of itA original value , ■ J 

The chwtge with time of the first -at no^/.Ie effee- 
if vtf area und worcurj: ynpor quollly are oho-.en In 
, Figure 17. At nominal operaUng Vendition^ tire tjted' • 
•char.go ah<w\n Id .result hi u Uirldne-cffidoncv dip t*f , 

3w| porcpnli.R. pointo ijxIum bU-ip output po.u r <Upof 
•U5 he.. The remedial action In to niatntnjn the 'bollur 
at higher outlet vopdr qualities fiurlng periods of 
. conalUvntn'B. ' . 

■' S^ace Si nlB i Within the turblm* ‘■alternator assembly, , 
there «re two different fluids. Mcreurv In the jurjiln? 
v.orU.if- (luiU*- and u palyplUTAl ether I? ilit.d os a hiring 
lubricant. It Is Impurc-ml lo pretmt intermixing nf .these 
two fluids. ■ , * . , 

To provide a harrier against Intermixing, the aif cirt-* 
bly ha .0 n pp jco penl (1 * C) . The hpaf.o ct Al b^cruku* on 
the principle of dynamically holding the tao fluids apart, 
and then \c ntlrg to space thou * portions of the fluid* 
which cvr.poiv.P- and thereby cum '<1 in crowing III' 
dvnnntie b.rrlcr. t-pacc h! mu I at Ion in rucompllolu d In 
1 the hreadbourd system t-.otlng v- 1th vacuum pumping. 
Some tosn of mercury and lubtleunt-coolaqt lo expected, 


and .dl f wed foi , In the n\ stem design. A g< neral design 
ob)c. (|\ .■ h.isJx^n to rcslrlct the los-. per l^.O^u h.wr* 
jo ..bout in It* of mercury oral ope pop»l o| lubrlcor.t- 
e-iul.oit: - With if gird to reslucffPR the Inierdliiu’ Ion of • . 
fluMn.'tTiv vbJtxUu* hu.* li on, to limit the iPlvitMffuniwyi 
to about of the total led. age. The c\alu.jllOn of the 
ip.uu* s*'.il has been one u* the Importrait re <- *.npl|fchtr.ents 
during ^NAP-x ie«Mng. . • 

T V x fft et on the system of f.j».ice»dcal It-uhogc fu shp,vn , 

In njyire 1*. The effect In actually' one <»f Improved l*er r -‘ ‘ ■ 
ftumas’ t. A lo*8 of mcrcun deen-accfl the c-mden^r . 
Inventory, which Incrc flats the vondchHlng area and 
dceriM'ivH the turbine luchprc .“hurc. Therefore, the 
ss;,ti ni electrical ojlpu' Is Incfeasid as a result of the 
inventory loia.' However, this v.oulA «nlv be true up to , 
the point *vh.*re. the conden .or In empty. In vc-n<( this 4 • ‘ 
j-olnt. there (4 *tW tjnrfgvr of mtrcfiiy -pump eat Itntlon. 
Cerfalrlv. It l.s more dealrnble Ip minimi?, inventory 
los* (vo as to not, approach the crltlenl.i'olnl of complete , t 
owndtasof Inventory depletion, Dibrlcdnt-cool.ml ft>3» 

Imi no effect <m system performance unless, here again. 

,J.e Inventorv lu deputed to the point of causing lubricant 
cc-olnnt punip cavitation. 

System testing to date ‘.is not been designed to 
accurati'lv measure the long-term space-seal lenfcago and 
Intel diffusion. Such menfluytmcnle In other test faelHilcs 
bind, however, demonstrated that space r senl leakage and » 
infcrtllffuslon r-ites are within the design ’objectlvys. The • • 

contribution of the testing la «jp.ieg-si .il evnlmtlon 1 * 

bus been, rathtfr, tn the realm of *vstcm startup and y.hu(- t 
^<IoAit leakage evnliiotfon. ‘ Since the cpaco seal depends on * 
dynamic action to-ctaise sealing. th* N startup and shutdown . 
condttloiw require speglat static Praia to rtsliTct leakage, 
During a Btartup. rUbblng*^onlnct face - seals ore kepi uj * 

contact until a minimum flpeed ha* beep vrarht-il. 1 When ■ 

the mtrd mum' speed has been reached, »he Heals 'u^e ' 
pncumatlcully Ilftrd. Synlern tyrt Jng hoa'Jcnidnsiruu-d 
that the pfflrtup wid x.liutd«VA-n leakages crut be cffecllych- 
reairfetcfl. tm isolated cceasioijfi, when the- start peats 
were not properly engaged, etarnip. und shutdown leakage^ 

‘ hi}y.el>etn oDoerv'CfV, Hut with properly functtonlni; p.tart : ■ 
vocals, no visible* leakage nf ’mercury or lubrlcimt-cool.uil 
t h:vfl hepp detected. Design work Is continuing on.the start, 
rentflto Improve thel** actuation method* * . /* . * ■; 

' Hrovlnlons have been ftindo In the breadboard jyp to m ; 
"testing to handle nr.v groao contamination of the mercury • ' 
.••by thv oil. The liquid mercury' paused through a gravity. . 

‘ . on’ue|>:iMtor i hlrh has been cffcpUw In scpaf aUntf any ‘ . 
■oil Jnpdvortrn\ly nllwed.lpto the mercury loop. Cm fioipe 
a hu Id owns 1 oil hejf been fmuid in the separator, npparontlv 
The rotnilf of Improper ctnrt-noal setu .tton or ccnllrg. 

ThC oil ct-parolor hrja.bccn a vulunblo ovale m addition bv 
olfmlnnllng at least croon oil t nt. rnce Into the boiled 
w hick could reiult 1ft holier dcc^mlltlcnlnff. 

F. illurfm ; Thixc Wrblno-ollcmUor nsflc.nbllrfl have 
failTd"for*one reason or nndl'iOr during the breadboard 
uyiitrm tenting. One fnlluK* Involved tho disintegration 
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of the first-stage wheel. Tho other two failures were 
much lenn navCrc, consisting of vir.co-sctl sclrure* fn 
tho alternator. 

Tho fU^lntcgrailon of the first*stage wheel Is e g^oJ 
e-xomplo of tho-poislblc severity of component-system 
Intoractlonjf, ‘Thirfaiture wan the indirect result of a 
KnK-loop pomp .failure. .ITvc-gyatcm wnu operating nor - 
molly taker, hn open. circuit, oa the primary MnK loop pump- 
motor eoliscd d ies n of MaKilow to the boiler. The I6ns of 
MaK flow ,vt try rapidly ThnjUed Jn n loos of mcreurv fujht^ 
* heat followed oy a dccrcaotng mercury vapor quality. Th*> 
decrease In mercury vapor fl<r.v reihieed tho bailor outlet 
mercury presrure which, In turn, lowered the mercury 
tcmperiture clr.Ce tho mercury- vapor wn3 ontbrated 
Th.o overall effect on tho turbine woe a very rapid change 
of Inlet morcury trmpernture. A maximum gradient of 
obevt 8ffd*P per mlnuKS taros recorded. It la considered 
l/kcly that the IcwptT.iPir* gr,-ullcnt and liquid stugo In . 
the saturated vnpor preetpltaUd tho failure*, ^henvote'm ' 
. haa fdneo had n r-ifcty feature- ad^cd to avoid n 
reoccurrence of thin t;.po of nhutdpwn. An automatic 
tronarer mechanism now starts an auxiliary cfcctromagT 
notlc pump in the event of u loss of primary NoK flo*.v. 

In the W-i faeiUtv, lo-io of tho primary loop flow outo- 
m itlcally abuts down tho mercury loop. 


Condeosi r 

Tho <^?ivl>.nsor C'Wwt-.t* r.f 73 pwr allot (ux rol 

tubes c,j closed In a ihclt Tii/ m«*reurv 1 eri*J< n*i,- 

tlon o^eurn Hxtbq tuVs and the«Jic vt- reject (or. -byp-N J< 
!!<«• *1 in tho r,..tor slrf 11. The- 1 ffe r of the tube* prov td.-s • 
a decrcaslnq \ por- flow area s-> that v :.p.^r v/bi-Us tn 
matntolned cv<n though' thr inns - of \ jv>r 1 “ J*: ere 
leg. Thlo feature prov Id • a nt ^M. Ut-'W-'. .' por-dnu riV ■■ 
location under cor.dtltoM **t mi-.j*. a. tv opv » atjon. I he 
eondensrr J:< a’,o *.T» in 1,*, 

ThcVirpW.ee */t the toad.- «,• i q-<* i(» th> 

mere>Jrv vnp<*r, to ‘ubcuol n.* llqdO t<* pvnvM* .Hkqu.it** 
KWH for the liquid n<c»yi»rv vair.ji, ,• <■•■1 <>• provide th*» 
proper ■•'•arc f"t »h* birUr-* A* |b* 1 , mtr.il 
operating condition, the < on<h a ••■r upii *t* * it N . >».<*r* •it v 
vt-yordnlct Umperatun*of„t.7rt , i ut."|. »a tl.i u,lr- 
curv eendenres a fi7u*F and th* n l. • u'*( - j !*. 1 v ■ .j >t 
*4i'2*r. The NoK- hl-^Uh .*or*.». 7 .. » , 1 . .it;, * 

ln!ot tempt rature oi 1* ' ^F A fvplv' »* i»q''t»t r>-.< r' *.r\ 
Inventory In tt< <*on*tenr.t v I* 1 .O lt»»hl<h «>*r >|r,i**. »*,. s »t 
22 Inches of the total tube Uftgth of '/'» ‘nehv:. K\(< rlene> 
with testing h 13 Included the tcRting of 3 unit: for .1 total 
operating time >*f 7»'yo hour*. 


Tho altenudor vlreo-oeal seizures were both ;ho 
result of illernati*r ovvrar^cda. The flrpt ovorhpeod 
resulted when the mi-Vvurv flo.*. rate was changed fo 
rvduco the ny^m 'operating ivjwer level’ -The c.xtomal . 
toad cn the alternator wna uculdthtaUy loft too high and 
the alternator was unable to upply both |t:. external load 
(^nd the opccd-cor.tro?' ppa c*C require men to. Tlicexecsp 
load on tho jltftftiulor jxtllcd tho’voll;(gc- dov.p wvd tn . 

.. undorvoltagc safely hiecii&nlam.lto protect tho altotnntor 
ngolnet q short circuit) rcmo.t-td the extcrrtol aHernator - 
lopd. The turhlno-altemator aw.cmbly then went Into a 
, runaway a'cceloratlon to ai>out 17,ooo rpm and -n alter-- 
nalor vlaco-aool Qelrqdi .The ay p tom operational mqde 
wau sabdequcritly chcuigM no th;t an undpivoltcso Cyndl- 
Hon- stops mercury fjow ar.d then romcr.os alternator load 
several qceonds later. Thlo remedial fiction eliminated 
the p&jslhlljty of n rcoccurteneo of tho over Speed. 

The second alternator over fijverd ar.'l seizure oqsurrcd 
. during dlf-ileolgn perform wiccvtrotii. The particular tost 
In progress required operating tio harblne-aHcrnalor 
^qsoflibly m J3,50A ypw n opj>ovrd tv Ifct* normal 12, <m/> 
rpfn, To opf-rrdo off-gpeed.hll filteniaMr putV;t. 
including p».'.'er normally 1 uued-xor pumps aul np<c«l con- 
trol, won t.log deUferc J to an exb.rnpl loaJ bank. The 
resultant load on the bank was M kv-.'as oppoarj to the 
ucit ot 35 kw. The cxccna load trlpjx d 'the I 02 J bank 
thermal -overload protective awltch and ditcc-nm-oted tho 
‘ entire Mtvmotor load. The result vrao a/i ovrrsjy cd lo 
•fltx>ut 10,000 rpn. and a yfeco-scal seizure. The correc- 
tive action conslotcd cf charging the therhial Switch to 
give a warning Signal rather than dfi conhvCUr-g Uto load. 


Dv virtue oi ll> for.<tl-.n .-f . :.t.d>lt:.Mng th«* ruble.** 
bac!.pr«sMirc , tl.t- con>knr or c.ov liav»* xcen'l-'* r.,b|-. 
vffectoi] w. tim '■■vorall pi rfoi-m.ai m- t< m ' 

has demonatrau-Atv.o milr. .ir* n *-f Import -mt c-.W-p sne ea- 
oyfitcm int* 1 rncUorn , 

Non cor- ile B'ljbli -n • Tht* n* »-r pi**vi*l j 1 n,iMt i| 
barker to the pass?#* of .-n.- v..c ti.n c*,i,r. -t b, c r,-,» .| 
at the* tviY.jK'r.iOjtfi-'ari.l pre- ur< .*( th« t-ri^ntr ti- 
vclo-ltv of the condcrtLf 1 tiqotd fe.*vfr.g th- . . 1 * n, r 1 
net e.ufficknt to vuuu- q g.c; bubl.h .g.iiftit t» * th'.ytb-y 
action e.f 1-gopv.r.itlon Durii.g .< x—g , at./r.. th . y . 
could move on through »h«* e..n«t* r.»«'r • .^ntlv . 
during grovuul tcbtlng, ,\nv nentw- kpvjbh 1 g.,s in tl.i' *iv - 
u m fa trapped In tho eon- ten v t ft’ /l, •• -\ .-.iSDr * 

volwltj enuring. the coid« naer Jn luffiel* ntlv f.iflt th \ u 
iu thought that the it»>noondi-fislbji;^ *.«up\ 1 v.dum*’ 
ndjscvnt to th*’* K^ld-v.ipor •ntvrf.iw. /fh- i-i jm>. 
volume 1 1 dt pshdi-n' up*m the uro*: Jiul ner,vOftd(.:.;-H'l> j. 
The effect then, b. that tl.< / er h'.y deer*, i* c 1 
nrt*a avnflfdjK* for ho.it t^o. fi r^ Tl/* « ffuf^x. tu* - 
.lon> tho fl-vtne'iji if tho copctonoer h-d rhoTt<*> tn>t : 
Conacf|uenll\ , nwcondcm.lbtu'* result *n Cn I , on in 
turbint buckpK-iS'iro xnd , .tc<-r.*a#.c (n • * k ^trlv \\ 

output, 

Tho effect or nor.e-inil.n-.fbh v .* yU-m p rf<um v w 
Is fhcr.-.Ti in Figure .hire &v*u<.m > U title vi output i 1 

shown ns n function u»o nu.gnf^-1, ol r.«'.nc*‘.nd. r*xt* J, s. 

Bcciuc-* Of tho con'-ld-rvbk e*ff**it ot I'OncT.UpHtbl^i ,>r, 
rvr.tom perforwar^M, it j* inyu tint to r. : ftiei tJ nr 
entrance into the *.\ i.-m. 
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Tv-ob-rk 3a.irets ofncneeMh-prlbleftiKiet. Tht first 
S' -at cp I*. Ircrir.pktc outgos-cing end loop t* aci/ation j#rl^ 
tartaftup. Hit? pro-Mem hasten todk thin SNAP-* 
testing, by p.;l’:MlfM n 2 ml rimin' acceptable vacuum- 
retention rc-HUlrcncnlfi pr/or to Mariu'p. Trior to a’ 

* startup, tf>6 \awra rvrtrm J’vvaJvc-d oil aid thx '.^ciiuw 
decay ra{c*1o jrioMtorcol, The acceptable demov rote is 
(.stabilised at a minimum that w-*;urca no polc-nUid con- ' 
condensible problems. Loop out gashing io asMslcdLy 
' ■ pumping on the system with the boiler hewed to full 
' operating temperature, by the primary NjK loop. The 
c-cor-d source of norcor/lotkElMco la In- leakage following ‘ 
startup With the oxceptlOTi of the urea from the turWr.o, 
exheur-t to the condenser, the mercury loop ilwave vper- 
utcQ above atnr,QEphcrJc pressure. Therefore, there Is 
ordtraHly only a limited portion of the loop where a leak 
could pormlt gas entry, However, turbine Interstage 
preotrire instrumentation has provided an additional 
rcElmv^htTc a leak could recall in c-'-fi In -leakage. The* 
Intcretnge prcocurc Inctrumcntotio . ljr.es pacs through 
tn Internal turbine cavity which .»;,N to tho turbine 
exhaust, On cove rui occasions In the test program, - 
> leakage has occurred at the location where these Instru- 
mentation linebpaos through the internal turbine cavity. 
The result was a signtflerjvt Ingestion r f noncondcnslblca 
{ulrj. This source or noncondcnolbles nan now been - 
eliminated by charging from fcra 2 cd to welded Instrumen- 
tation ccnncctlc.no. / ' ’ 

Tho quccUen naturally arises copecmlng removal of 
nor.comk nslblcs dtrlng testing.- This haa not been 
attempted to date* Id the test program. -One problem la • 
the question of how* to accomplish the remov at. To vent 
the ccodenctr Inlet would probably be Ineffective, I*' the • 
postulate holds tV«t tb.c nor.con knsJMeu .ire located Isolde . 

• the mercury k»W-«. tbi-n venting Vx* tord< prCr would only ' 
remote mercury v«/r. It appear/. lllelt that the tton- 
eor.dcoslblco wre ir.J’ e l inside the tvbci.\ because during ^ 
oi»t' teat period when the nGncondeiiriblce were so exten- 
sive that they had dor fried the condensing pressure, r cod- 
ings of ‘ ; l»v jtd 1< m perojur*/ at the* cendenrer Inlet 
were atm *.n the ntcrcurv vapor eaturotlon llnl*. Asruxn- 

• irg, ti.cn. that the ponce* 'knciblp.. uro located within tho 
.tubes, -remov ol Of tho r.encondohciblc3 from- the top ojT tho . ‘ 

• „ condenser ,w ouJ<i rhtiulti* rhl 'dog- the UquJd-vapp^’lnterf / ^ 
•facb toput.b'thcn'mcoiulenslblcfi out tbe’top,. To remove 

• • all' tho none wj JcnslHrn by cueh n procedure would bo 

Imp I'.’ctl^il since "the turbine bpei.prtarjre wctilii tlmul- • 
t.*r ■ -j my lire, prob.d-ly to unacceptable levels, • Possibly 
. tTi » <-pf 'v-.ju* approreh, of ri moving tho roncondcnt'iblea>' 
from ihv bottom of the cop lender, could lx? u r ed. Thlf- 
I At* method .voutd re quire low y ring the llq-Hd-vapor * • 

'» _ lr-ietfici^val c-f t>»o eradtntrr, ProvM'. ii tiiat the- mcr- 
curvr^P NP-ell was Titrdfttldred, IMo approach might 
pri'-ve it e* pvfrlc . No plr-m are prtorntly In fcffect to 
attempt to u nt tf* c Lxeept for the problem of 

turtJov in- trumuntulion tap leaks, which la corrcptsldo, 

• it» r* s r.ppearn l -> hi r.b )T(bkm of noneendenclblo buildup, 
i.vtn cact I'.i-ti cy rating p;iJ.j.u;. 


f- t^Mlltv ■. The vcr.'.knsing pressure (turbine 
t atl-Trtssuro) fluctuate** In a mw.ner similar to the 
boiler cutlet r-fert ar» . There presourr fluctuations at 
the confebicr affect rilternutor obtpjt power ^ust ao do 
boiler outlet t'turbim, intet) (hictuatlona. Thereforo, cn 
impcTtant consideration- In whether the cendcncer pres- 
sure. fTactuatlcns nro fy lf-gc derated <!«■•• to tho condensing 
pro-"£co of ure simply r* necllons of the bodcr outlet 
pressure fluctuations. If the presrure-rlccn at the tur- * - 

bine Inlet and outlet coincide, the torque developed by the 
turbloo nx.uld not vary ftr. greatly an it would If the prec- 
BiTe .fluctuations were 1 ho # out, of phjee oo that a pool: at 
the turbine inlet matched a dip nt the turblno outlet, md 
vice versa. Thuo, (lie ultimate power dollvorcd by the . 
custom Is a function of tho source* and phaao relationship 
of the condensing pr<o cure fluctuattono. '• * 

Test data havo provided tho annvvur to ihOrtJCsUon pn. ' 
tho relation ship bctvi’ech the condenser - ond tho boiler ■ 
prcscurb Vartallons. - * Jlguro 21 chcr.vs traces of boiler . , 
outlet preocurc and condcnnlng prc'oauro. The variations 
aro exactly in-phaeo and are of tho sotno frequency. 

Therefore, It lo concluded that the system output power 

variations ore ao small ao pdsslblq fob' the turblno Inlet 

and outlet pressure variations that cxlot. There are ho * 

out-of-phaco relationship's to further reduce tho net »ys* 

tom output.- 

Lieeirionl Controift . * / \ 

The function of tho ,crcctrlf^ -control system la fo • *, 
maintain the turbine-alternator" assembly speed constant 
at 12,000 rpm within *2%wMlo dalivorlrg any required 
vihlck* load (system net output) between 0 and 35 fcwo, ■ « . 

and to control the vehicle load voltage to 1^0/208 volts 
' within . An^rddltlQmil requirement of tho electrical > 

•controlo t.c to pre-g-am. Iho cequvmce of events during jho' 
yxrrlod of system startup. This otartup phacc of operation 
Is pot. lnotudcd here 'since flyctun *jtait>»p tests have wot 
yet been conducted: however, fyotem startup teats 4ro 
planned, for tho near future, and component tcBtlpg haf 
Indicated that tho start tysietn should operate pticqcsf f«U}*. ’ . 

•Tho electrical i»ntj-oU» coftMlnt of e.so bi^to unltn: a • . . ' 

’ vcilwgo rvgultiting unit end a Pr*ecd cenflrbbunl^. Tho • - . 

’ 'volt jj;e regulating unit Is of tho sojpl-stald hagnctle typo. ' ’ . , * 

fk'.vnfi 'ifioi'H voffo/frcqufncV ar.d sdjiiatn.voHa^o to 
' rr«:.fr-tnln a conshmt relic uf volts to frequency, ’ The rpced 

Cj«7<tr»»l >mu opotnUpVv ^bnbingfrtq'jenev ar.d ch^rglig • 

nlldjuffr-r lvu<l to comet, ,*v ebaage la fA. ifjenty A- . 
jv.r.-jfJJlic le kJ I'vuecd l/v do sf-ccd control bnif to chjpge - 
tbc rdternitoi* lo.«1" The l ir^'dMe V<ad conslrtta of a cat 
of rrrlctom loc'iu'd tn tho heat-rcjfctmn loop! A total of 
Vooi {'Air* of tPhting iua oeeft atcumvintcd on the cleeti l- . 
e/d e^nlroja, 

'Tie Ink ,*a<.flenn betuetp the clcelrlc.il ront<*lr. end the 
ov.i'crfi fall Inio two m.ifrj eatege/fcm *thc*c«nUe1 w-qjircd 


pjge h 
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bceausu cl normal nv:^m perturbuttonf. ar.d the contxe-t 
required because of ridden in vchtelc- lo.v J . Each 

of thcce ph*. nomen.- hn->K*rtv ewluateJ during system 
. tc Ming. 

Normal Syntt m Perturbetionn : Normal i.vM.on jerfur- 
% butler e comprise the JTueluaUona in flow vi’l prcr.sur*-* 
^caused by :he both i . There flucbiailens rcsulMn v.xrluMe 
torque dove lof-mml. in the tu/Mne The requiremr nf of 
tho electrical control? is to vnrv the load to the parasitic 
l«a'I rcnlpto," In a rr-unn< r that compt n nates for vho van- 
nolc alternator o.»*put, Conrtqucnllv, the pirarltfe !*>ad 
It variable, thereby protiniag a constant vehicle voltage. 
Teal experience hv. Included operation with boik-m with 
performance varying from a rolatlvely cta)>le, tonl(tlone l 
• stq.fr, fcperatlon at a d« conditioned State giving rice to . 

■ nttc motor outpttt jw.vt r v»urloti ms of Vnder all cen- 
dlflonp; the testing has demonstrated that the electrical 
- ■controls can and do malntrdn sp :-£<!■ .vnd voltage within tJ.o * 
design rcqiilrevncnts." • 

Sudden Chiftg q ol Vehicle t/Oad ; Th moot extreme 
operating condition of the electrical oontr'da is daring a 
ou«Men application or removal of full vehicle lo^d. Thlo 
operating condition requires a sudden transfer of 30 kw 
elthcr from; or to, the parasitic lo-xl rrstator . A toad 
troriEfer of thi^ magnitude Inevitably, e aa^e/} a perturha* 
Uon In alternator speed a.r>d voltage. The object He, 
v,hlch was Euccoeofullv met, was to msd:e tl.u transfer 
v/lth‘ a frequency -trannfc nt-of no more, then Jl 7. and 

with a damping time of not more' than fiw oacllju'lon^. • 
Figure 22 whown a trace of »requcney and voltage. .lurLig 
p t^-pical application amT removal of r» 35 kv. vehicle load. 
The perturbation magnitude ar.d damping. time arc 
approximately equal (o the design objective.* 

Purnp-ltfotor MnemHlca 

h pump -motor assembly lived to each of the.four ' 

. loops of.sNAl’-H, Since the pump working fluld/i arc 
liquid, tho magTiltuden of com pone nt-a>*.tem IntcracJlono 
arc- small tr,- comparlsea v.dih thv intet wetlejm (ox V v .e. ■ 
componcnto .discussed (hue far. For If 1 .) |*ump»motor 
oanembllCB, the experience has been more one of 
observing the-effccto on the.convponcmo of factorc'sach 
as cyotcm cleanllncns operatSn.d meth^Jn, The 
pump-motor oo ac mb] lea for the pe-rcury and ftoh loops 
are dlocuaced Individually Mow. The lubrleruil-eoolmt 
pump-mo' or iwremidv bor.bem virtually trouble »,tr*'o 
ar.-J I*, not dJcofn--td. 

*l£ir_A r^, m.M^ Th*. tncrcufv ramp- 
motor nntimbiyfe) la rhmvn Jn Tlguro 23. The unit in 
hofrn'tle^llv otafed .tnd cemprlcoo .1 icntrifugal pi *np, 
d>mrunlc <teal3. Induction motor, and imguLir-cpfltacf 
M.I V*‘ r I"n;. A jet b>»‘jter pump !*> Integral v,|tb ti. • 

. unit to tuppreep cavitation (hiring the otart-ip.pha'.e when 
the oystem-dL vpkp. d nt l poaltite nuctfon h- vl In T v v.; 
.Hearing lubrtc.dlcn .u\«i wp;.. k — tu-id a A motor ctollng me 
provided bv Ur f olvpbmvl ether lub.k.jvt-if-olruit fluid 
Tl - unit *-) I’l.’V u wiUi dC'J'T meveurv ard 


lu’Tlc.jit- vM i-.t fle.d, T.-slirT .-n I" unt*« h.m •>, c > rM 
for a total of II, l* o' r nlag k ii«, 

Tl r prfiTir.rv'c-.mvv.r> al-s\*tb'nj t>V. r.ieti-w. • r - >' 
lias been .■'t.-crclut/.d Wflh the «*•£..'». m.d . fw«- '».'»* dlv , 
the mf-rc»' r v *.pvri. vt 1* r . •- .t». 

• In fh* • fuibln- -.-It* rn.'.t.-.i ■ .-(i jt-.'dv . WVh 0 * jh.i t tr. . 

leakage *rid ird' idlffrf b’Hj . tiu- di. •!.%/»' of th - ■ - 

alurn' , tor-a;..Tcm»d i . q ite • -I .j.pU-flhfltr «N> Jr 
, addition, t.v** f )■•»■( ifk 1 - 'it pr netrKii • •*>.i' l uc t.« 

th-.- ntvrcury p»wp-n. -■ 1 .-■■Mi, t. e . . • .-r* ■* 

dariT.c tvnbng. -O *i .m> c; «- I tvs, * v . , Kv j lc Tit-' ,1 .-VI 
p«‘< fifuri* at th<- dkch.i*i'<- c*t th- p.i.mp -rv»t.,r m’-Iv 
wa-, n> 1 1<-> h«‘„h, A » r< ’'. 'k. U/ •Kii-j»vic Mtrig.-rs' -.*-r- 
Up tide t'l -c I\cng«* Hi’ b« 'crir.- .r ’J'i'.rk --V.1 » t ' 
Ovtrj on Ink* thi moloy . 

Tin effect of flocdtng the iTiOlbr , .\^| , J- ./. Ir,- /-.. • » 

|»> inOt-Vr p v.’V-r .»f •>!. nnifli n* 1 Va-. , <'i * i,>.^ . ,, ih. 

degree of fl-v -dlrp. T)/ tr.tp- ■*■■' In mot -r ■ <“.rou ' 
b( t’'i’i*U\Tbv la v< hick k’-d u»vl- O p.v,- 

lUe Ic- td hj . ■ yt . r .v ill d-b Th-. v *• 

i<.rr<£k i bv '■■per.. ting vitb r --rn»il lubr*.- .j-,t 

di (.barge pr<-n'u re «r* that arir,.; ‘ C >Vt nglng I 
effective, 

Th" r ico.vl Inetd- M Inv-'kinj tli'* rp>ci- • •! - .. * 

I'un'eJ-.-.ui fm t’.r v w • <1 V’. k.« t* «r: inth> vr.ok-i , 
Dl;«f'i.'..e7nMy *!(-. (.!■*:■ d r.n fcn,\ dr. pkt . vo -*!•->* th- 

wlhdirgn :-xA ob.< i (nti rlof surf.i; • . *' -t. K’-t frU- 
to Ion ,h*b?.;e b.’J orcurr. i.‘ P" ibli th*- '■ t -a 
•i aln had worn Out d:*Cir-g t pr< vl-.y* r<.rtt"I I r> »!• • 
weri- c ng.g-.-d during oj-. r-i»lon. With •. --no - it • -rt 
acalfl, mcreur;. ee»j|-J <re**n Into u .* -.jl-'-ft!.- d t . (. .r.,.- 
motor .leecnibly dur^d r*.-- v m in (>.p .-i •. f -ji-v 

Kg>L f>i.r.>ftsAV»trtf..A- p*Mv* Tin ? K jamr 
u r, .emMvf''i I', ch-v.vn tr. Vl-fii** ?1 W--e f k'-t ui.u . , 
ui» -1 In both ttx- prim-iiy .rA the h- s-, .-|i -.tion t- . 

TL- lump-irvtor -sserpbly Ish- rmdtcdk d .1, i, . %i- 
p-jy.ding a a'ntrJl^gr.l pjnip. h-rm-*^ ,i||a> . .- ,1. j fM**r w 
aj* ktorri'd N *K lubric c.l-*:-vjl avt retire 41 /k-o puoip, 
or.d NaK -lubricated bcurlrgs; Ir.t gr.d »• (th <►. »/ r -,tdv 
Ir. foj.exkrhvl rrcltriiipjlon loop \ --r,t ifcvfAT i eold-ti p 
t><«kfu. ho,n exchangers: « ed . IvitAj , :;/.;rt-d_e *-r 
•h »'- 0 »b m ;do nr., used lr* thv ,>j.sv r.-bl\ J m the 1 

. mila Ib^Natf and tho reeke d, ti.n k-p f;.d; t^ 
pfkh-'-l >a a old!:e-i*kar iTct /iripulu-’, ir-v.v.i j:,i- f.V,it 
I twea t|i-- pump ,vd thi m.-tor, 1 /■■• vn l. ml ,:I V , loop 
K.|K ■ - aH tl«- m./k-i* and suppll* s th,- 1 *--Mr|i.^<( with c'r.'fi 
.'J i>». Anv c-xl.h’ mlgtittjng through it.i .>r-<uTuK,f« cm the 
main lo -p, \ bi-iv tb<. c«-l\ I* vtl p,,„ 1 ■ u n. •. :> p' -«-»•• i’--r 
He bv.-vipfej. Is trapped t-v the rydrculvti.-n I-: -p 1 -vjj 
tr 'p The w'.rbv'il 0 p-r..tin ); t. pij". v,.t-»,v -, ,.f d „ j.-.rr ,.-, ( 
»rv 113 to* l,hc r-rlmar, loop \ ’mp ‘uvt f.. £ n .- 
h< d-njrcllvujvjs 'iJ. • n. -l-ic *• > tu A ,.- 

. , t„ut,'( . , ^r- . fvij-tlng h.-'i ii.clud.-l 1 *« knit 1 fci* v t.-T .] ...r 

23 i* f.utirs 

i* ,-r irr, ji-\ « .-mp-'.r'(rt-i«v»t-’nv inkr ..»«.< . b ,\i- • 
l e- )*,. Xf-vb Vrt-ct with th • V'Ji pun p-p-.t-»r *-.s» n.bh « 
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■ Tbo first ftpv of Inter action Is the rcouU of ImpfOj>or v 
, -#>rcc<»I«g” or the ruccmWy. lie fore n pump-motor 

-auombly In Ailed with SaK. the recirculation loop 
contains nn Inert pan The recirculation loop jwiolbo 
cure full v M<d to remove all the gu.*» to complete the 
lc nip (HI, Incomplete Weeding has resulted in erratic 
recirculation loop flow rales nod hlj>h motor tempera- 
turea. On eno occasion, gw> entrapment In the recircu- 
lation loop cnuccd flow, variations of » 27# In th'e main 
NnK loop. The gas in tho recirculation loop bad cwicod 
vrnlutlona In i oclrcalatlon loop flow "Id eh remitted In a 
hunting and cooling cycle of the inuln pump-motor shaft. 
Thv temperature variation of the obaft caused a variation 
6f imjy’ller-tb-h&uatnp e.'enrnncc which chaffed the 

. pumping chpraoterlotlca of thojwmp. The bleed pro- 
blem in avoided by adequately bleeding the assembly 
Initially. "'In the event of on incomplete Weed, experi- 
ence h&s chq wit thnlVopPliiK Stirling • 

aeviM'ol, times eufftcIcnlly-Ctcoro the loop o? pan. 

A second basic component-nyatem tatcracUon has 
be en the recall <jf mass transfer and NaKoxido deposits • 
within the pimp. Uniter normal operating conditions, 
the loop oat do level In maintained Veto". 30 ppm by n 
KaK r-urll. cation system which cold-traps XaK oxldca 
and mass -transfer products. However, on many ' 
occasions J.i the teat program It was necessary to 
operate for periods without the NxK pump-motor assem- 
blies. During these periods k -.c»fcClrom agnetie pumps • 
.were uoed and the pump-motor assemblies vvoro 
bypassed, When bypassed and silting Idle, the ramps 
wore cold relative to the loop. Conccqucritl^ . the pumps 
tended to collect ox Wen su>d mess transfer products. 
These deposits were the cnu6'*» at least once, of «i 
pump complete tv (reeling do that It. oc^lil not he star led , 
normally. Tho pump wpi Ilnullv storied by rotating 
alternately fonsardn and back"' atds. 

.FUTURE TESTING 

The SNAP -6 Teal Program to elate has primarily 
been involved In pio&dy-ctato testing WUh the bash? 
objective of defining component pprforroonco and 
eemptoent-eyotom intorhctlnno.-. The program has been 


ftucei'ssful. Morp tfuft tO0. fl d'» eominment-JiouM of 
testing were ueorut il in the'enjl of lOftT, iihd the intuir* 
rolaltoonhtpa' between component* and the system have 
been writ defined, .in has befrn discussed, the- pertur- 
ImNoiis ;ihd other phenomena characteristic of S*NAP«*s 

h. ive iHcn Identifier! nnrf the svftkmi ta»!wcft t*wM» tu 
hr fltabif. 

Future testing w ill npplv more cmphnnl* to Ihr ureas 

i, f lopg-ierm reliability denio^sUnDwa wul transient 

ft ailng o9 H vr lutes to system startup. The objective * 
of Sb’AP-h I;, to run evnilnttowfily^or 10, CM hours, “find 
the testing goal is to demonstrate IMA 50, 00Q»bour 
capability. Anv component or PV&lnp dvprodnlion which 
in Ufe-relatcd 'vlU lx? Identified and corrective measures 
%vj« he applied. The area of transient testing will bo a 
significant conirttwtlon lownrd development of n Dlght- 
rnftd SNAP-* ivntynw Analytical «<?rh h»w provided ^ 

' the groundwork oiMvhkh to base. the startup procedure 
for the system. The prime cow aide ration is to avoid 
* adverse temperature gradients at the reactor ttuidng 
the transient performance of the power conversion s\x- 
tom ns the rolnllrg components start and the svstorii nut- 
put la raised to full-power operation, Planned testing 
will Include various startup modes to Identify the most 
appropriate scheme consistent with a reliable powers 
conversion-oystem startup and acceptable reactor 
transients. . ; 

The blc.uibtnrd approach to icstfnp .h(s been v , 

daring the stcadv-sftiUj tenting of - V v thus far. 

Am the lesttug provivds into tr.mstina pcrforwAtico. the 
deviations of a breadboard ftysiem from p lltgbl- 

contlgurattoa beromv more fjJgnirieajtt. Now, transport- 

*lela>B. hwf losses, and |lte»ke. !*c«dpio»mj«>rUint. 

Even hero,- though, the present bmdlward tonflgura- . . 
t)pn3‘ary yvpectcii io l>e «nlen.d>lc ta valuable exu^poht* 

Hon. B; applying the amilythhl work uhleh.lrisiKJen • 

pet formed regartUrg startup pWnomena: It will be pos- 
sible ft> obiatn dlta ilwl.can »H i translated tetiellne , • 

startup renditions fefiv f{lght-a> Mm.' It In anticipated 
that much valuable teat ditt relative to endurance tenting 
rel»aWJl\\C sod Imustcnt performance »j ill lx.* ybta tried In »' 
fortheonndg 5 ckU» using f>rtr.wllx»ard SSAU-h ^vnu-nut. 
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NOTE: ' ” ' • 

^EFFICIENCY = CUMULATIVE TEST TIME 

- AVAILABLE TEST TIME , 

TOTAL TEST TIME = 25,940 HOURS - ' " 

HG- 2 - SNAP-8 COMPONENT 8 SYSTEM 
-TEST FACILITY EFFICIENCY 1 * 1 
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FIG. 3a, 1/4 SCALE MODEL. OF 'SNAP-8 TEST CONFIGURATION (FRONT); 
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Fig, 4 Possible SNA P'8 Flight Conflguffi 






TEMPERATURE (°F) 



■ tl ' 


- -V 

' . | EaaaESESSl'- ,v|i 

im.. % . y > 

> V* ]• ... .' 


- ' ^ :•■ . 



KjvJr ..•• ;/•■ -r\ 




Fig. 6 Tube-m-Tube -Boiler and Cutaway Showing Cross-Counter Flow 
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FIG.7 EFFECT OF RUBIDIUM INJECTION ON' BOILER CONDITIONING 








FIG. 8 LIQUID MERCURY CARRYOVER IN VAPOR STREAM 




BOILER CONDITIONING (%) 


NOTE; PERCENT CONDITIONED IS ARBITRARILY DEFINED AS 
ZERO AT A TERMINAL TEMPERATURE DIFFERENCE 0F 400 d F 
AND 100% AT A TERMINAL TEMPERATURE DIFFERENCE OF 20 C F 

; . 

FIG.9 EFFtCT OF BOILER. CONDIT'.OMiNG ON LIQUID MERCURY CARRYOVER 




















Fig. 19 SNAP-S Condenser and Cut.av.-ay Drawing Showing Cross-Counter Flew 














